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(57)Abstract 

PROBLEM TO BE SOLVED: To ensure stabilized operation even upon 
variation of a load while shortening the accelerating/decelerating time of a 
motor. 

SOLUTION: The controller for a permanent magnet synchronous motor 
controls the speed and torque of a permanent magnet synchronous motor 
400 having no pole position detector driven through a semiconductor power 
converter 300. The controller comprises a speed difference estimator 120 
for estimating the difference between a speed command value and an actual 
speed value based on a value corresponding to the current a value 
corresponding to the d-axis voltage and a speed command value of the 
motor 400, an adder 1 22 for operating an estimated speed value by adding 
an estimated speed difference outputted from the speed difference 
estimator 1 20 and the speed command value, and a speed integrator 1 1 9 for 
estimating the pole position of the motor by integrating the estimated speed 
value. 
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1 

HPf ftttWT**^BffimB«»«©»I»SBK 

s. a«»*a&a«*«a£©0«*i«rr*a*« 
g*t£#R£, 

asfi^ffi t £Jjo& t Ta**«**«*"r © t . 
iuiiea«}tt5£fii£«# LTm®®<Dm®&azmizt « 

[m*b 2 j m*b i iffi<D*b.mEmmnw>me>m 
«8bk*v»t. ffieagfliett«?Rti. 
n © a ftffiette? r*> s ta^j a nsasd^Jt^ffl t 

agt&^Bi: ©JQgBi:. «l»t8©d«i«iiit^ttitti:. 

b. 

c ©as<iMii?£ * a* & m a s n« a«<is*ti£ffl t 
#Rt. 

mffte^B£©BSRtfag?g^ffi©##S:fflV>TjHrffi 

[»*«4] 8MttB«tii»«ttfcttt>*ftJBCnB 
B»«* W4W*B*«K* DS»lxT«Wi©»« 

dMBEJt*B£tteiMB«EJB**JOff LTSS 2 © 
d tt]«Efi^ffi£?RflTS2)ag^ © t . 

^R£. 

idM (t) =idc (o) + / * 
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2 

me q «w«K»jfti«»o«fl:**Jt« lx mmmm 

*R£, 

*BAfc£i*1*«*T**AJB5H««»«0IW«» 
B. 

[3S9i0ff«fc«9i] 
10 to 0 0 1] 

g#B*£&S£^T*A«5HHi«i!i«©a« j s> h 

< T fc*ABfc&n£«fM*®a&* HP* *iStttglC$"l 
B?TB4:tfctIBBBfcB-r4"bOT*«. 
[0 0 0 2] 

[«*«>»«] *^JSSH»i««jB©a«^K^^*fl! 
ttffilc$ij»r^>lc«. -$lcf;te»jB©GBffi&B£&ai 
20 r«ffiB£fflS&mttBlcBttt*&#K#<*«. U^* 

C. CO«O(tBBHlBtt-»K*«T*0. Sfc, € 
»«©*«*«BB«©jft*SttB«IH»*»mt&n 
ftHiW**. i©^S*»^T5fe*. ftfifctttB 

[0 0 0 3] 0 5te&&&B&ttii§£}t;fcfcV>. V>t>«) 

D, l l 7#i^P9 8~i 04tc raft&*ft££lc 
30 m-3<-k>VUZ<%&M7yi/l'Z.DC ; £-i?fflWi t 

UTT*9¥lC»BLfc«W*acOjiB«IT**. BB 

c. c©«e*tt«5tc*5tt«a«tfiB©itj£*ft*siw 
r*. stric^r, mmm. mjistcwtsd 

ir». qttittdHKBX-rsBBWitirO. 

[0 0 0 4] H5fc*V>T. *r. BKtt£»l 1 3 
tt, BBBBB1 0 8«>6UJ**n*diMIEIB«Bv 
d'RtfqiWffiB^Bv,'. &B£&B1 1 2jJ»6HJ* 
$n«d«iBB«ffiffii«.cS^q«llBSiE«WBi«,=. « 
40 g«ffi*i£Bl 1 6*»6W**n««iB«JEitJEB 
e«,„> BtfK. aB«JfeBft>MCDBB*J«»*n-/T^ 
7^W11 8fcJ:0l»*UfclB2oaBBSBft)i.i* 
HUT, dtKBg£Bid M &tfqtt«att£Bi.,..* 
ft£l. »SC2fcJ;0WJM-*. 

[0 0 0 5] 

[ftl] 

(Vd*-rtidc + WM2Lqiqe) d t 



[0 0 0 6] 



[R2] 



3 

i, M (t) =i,o (0) +^-(\ ( 

[0 0 0 7] ftftl. gCjUtCfc^T. L d (idttK> 
^**>3. >^^>^OdHJ*») . 

LJJqttK fflC<q1hSL») . r.tt« 
WHSR, (t) ti3fflHft£*r. uCt, BBffi&g 
ttCtt0 N &HK«0&Oll. ttS«E*t£tte aM &£ 
R«e Q t©IHCfllS*«**»^. d&ltttiSt8t5£ffii dM 
i&fflfll i dctOfiSS. fttf. atttttSitt^ffl i om^^ 

*. ;:n&©<HS£tt. Jnsggi 14, ii 5<DiHij-Q& 

5. 
[0 0 0 8] 
[»3] 

ldM (t) - id= (t) =-i- f ' e , (6m-0) dt 

[0 0 0 9] 
[»4] 

iqnc(t) -i,c (t) =-p-f* (e,-e,K) dt 

Lq'O 

[0 0 10] fcS3. fcS4*»&. dtttttStWdMttfe 

KJtHT*. tilt, B5C«tt«ai»t£Sl 1 7tt 

1 1 6ttft5C5t:«t0llfi«JEitJE*e«u,*«J|C-r*. 
[0 0 11] 
»S] 

e,n=-=^ — /(iqn-iqo) dt 

1 I eq 

[0 0 12] 
[ft 6] 

*=^-8gn (WMl) Kd (idM-idc) 

[0 0 13] &*. ftSt6K*V»T, T 

*&, ftaUKittvt. 
sgn ((o« 2 ) =1 (o) M 2^0) , sgn (w M 2) = - 
1 (w M2 <0) 

*J2ftftff«£8$. K0tttt«y-f>T* 

■5. 

[0 0 14] Btfftt«E£*0,,tt. a««#8§l 1 9 

u7;M.»*n-/x 

77^M11 8K«fcDI**l/tfcfcS62©aitti«ft 
[0 0 15] J^TTte. ®2©jg£Jf£ffiw„2&tfftS 

l-»T. ^lO^Sfg^fflw.'CD^k^SripftiaiStifSi 
0 llC«fcD{Mf&LT|g2<DjgM^M<02*£SII?-r*. 
d0^2©S«Jl^fiia> 2 *$D-nX7W , ;i'^ 1021: 
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q *-r. 1 ao-WMj Ld 1 dc-e,M) dt 

agPSS5§§ 1 0 4 tt, JOjIggl 0 3K«fc»J#© 

tern 3 ©a*it ^twa* 2 v>m&m%.m(o» 2 t<Dm 

[0 0 16] ««ffg<fr8*#8l 0 511 r*&tfa>„2*> 

6 dtt«atji^<i i qttsst^te i „•««**• 

5. mgitiBgpgg 1 0 8 tt, ta*8l 0 6iC<fcD**;fcd 
IM2lEff2 (id*- i dc) . RZf. WW® 1 0 7 ICJ: 0 

io #tbtzqwnmm& (i «,•-!,.) *«mbut, d«e 

*3, i dc . i,«tt. «SS&lti8§l 1 1 KJ:0#*fc«« 

%tttb<t i u. i -tm&mft% 1 1 9 c± 

[0 0 17] £S£M&1 0 9(1 v d *. vSRZf&W 

MBi i oic«toy-h L-T-r >/*-**© 
20 WMMftXJMS 0 0*a«r4CtCJ:»3. *A8 
5f^»«»«S (PMt-?) 4 0 OOWFWESMfp-T 

s. coa*. mi&t84 o o<D®m&mRztb)i>?&m 
%mz~®.t<i±z>£otzfflm<ftt>t\z. 200 

[0 0 18] 

utmnfimvtLzstT&tMi ±e©tt*aiR-rtt. 
l. cnic«tonisoh;i'^*<*ft:UT««i«4 0 0© 

agt>£fc-fS. U*»*C, a««ISila)» 1 ttlKllE«cSC 

«si*o»n^Hi*»fiF«E-r*. £©fca. asit^MwM 
ai9K&iiiifc£ig!£#ii*i;:fc* t*w*«^F«jet:a: 

0. ae^*BfcS*Ci:>b**. *©8*. «MHI©d 

40 [0 0 19] *-;iT*«Wi. a«flt5g«l£a«*IK<I 
£©«££&H1-«ttffttB*EftK£6fittLT. ttft 

$©££ l fcsHE^&afcaostaae * wrtet- 1 
«5K««»«©ia»8BSffitti/«t 5 tr * tor* 
a. 

[0 0 2 0] 

». 1 Gft©X91tt. «*tt«*lB«ft»fcftlr> 

50 ©M«P£BlC*tvr. «fttt©«ftffi£M. dttSJEffi 



5 

^Wtfr 6 tti*; S n* jSSdS*^ffl t agfg^ffi t « la 
fc©X*2>. 

[0021] m*m&ft<D%w\t. m&sieft®* 
ttuat. q««8it&aitet, dumEm^mtim^ 

[0022] 3 etto&Htt. mim. i ib«©* 

[0 0 2 3] M««4e*OK9itt. SSSftg&tijglS: 
&Hja-r*S8S*at. dftME&^ttCffiBftflttft 

AE»t*jDjit utsb 2 cd d tME£*«egt8-*-«]n* 
Eq*W»KflflbdE»o*ft***J|fra*fl:*«»* 

at. ttEqmmNtt**tt>xfls*ftJMixT*a 

<ig«£ffi*«frT<5««f«ie#at. 

tasfi^M t £irag bx«s>«©agJtj£«i*«*-r 

[0 0 2 4] *f8Wfc*t»T»i. 

»u c©a*flg*£«ta«it*«tsiio*bTa 
"Tact**-*?**. *fc. ft#*«*{kLTil«ttca* 
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T5::ta<T€?-5. 

[0 0 2 5] 

asuwi-r*. *r. a i i c»«-r*sB i * 

CttH— ©#JBflF#*ttLX**. HllcfcHX. aS 

1 2 o «. «ftmfm os^etBAdns 
dinsAr^flVd*. ^ffxiAsi 1 2*»&maan4 
d«*«fl5ttfflffi[i«.c. qtrafttftiue i 

10 WJ4)\r9 1 0 2*>i&aj#Sft*£3CD8§Hf^Ico 
[0 0 2 6] ftlgggl 2 2lCtO»3©aSJt^<iw3' 

ticto. as«t^Mo M $a#-r-5. assess i i 

S(illJtS<iAa)„iin-^X7^;i/^ l 2 l lcA;>j£ 

ttTU7JUM<M&3ft. sg2©a&<ns«5e<»Aa> M2 
ttxasisiiggi 0 4icA*$n^„ asuassgi o 

20 s. *-®ffi®«ttig<frft*s i o s, mffimmmi o 

8, &g£&8gl 0 9, 11 2RtfPWM^sB88l 1 0 

[0 0 2 7] Bi^nTl^H^ sg3©a«*t^Hiw 

-/tx7 ^ )V9 3 ©A^-r^t.^ a w„(cttis-rn«. 
aaas l it t # tc h )v * «♦ t>«w* «t 5 

Cfc-&0T?a«fHffl©*SStt*fl±Stt*££*«T* 

30 

[0 0 2 8] MMMlCfctia. dttlttffijg^ffi 
v d *. dMttttttttittldc. qttt*«HfttHtt i„c. S3 
©asm^fii » »* 6 gKfl£«£tt A a> M £ftft b . 
» 3 oa§E»«ii ti>,**J»E«3t«[Aa) M fc J: 01t jEU 
Ta*ltSfita» M *«|jCbTV»*OT. SB 1 ©a«Jf4* 

tto> ,WTU« 3 ©as^ffiw .*«ixfls-r« t If t 
A/t**iitiin^<a««i«tta)M*^b-r*. uncj: 
«e*ft«Trant&ofcais«i«tttaaEiii»«tt 

©rh. •€-tl»rS^<affitfclB*«eig«rffi«r*rt 

«. ft«f©^{kic«toTa«m^fBta«jt«M 

^ttco 3 **it^ t*»]E bxas«i^fiico„^ji]E-rs© 

[0029] c©*»a8-ett. asdM««ffl 
Ato„=&a^-rsfcJ6tc. mmm^mtLx awnm®. 

UJ«ld.R^qlW«ttHHii Q «*ffl^Tt>ft*», dlft 
50 lr». «ffiffi^fiitbT. dttmiHt^fflVd*©^ 
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5. 

(0 0 3 0] ^IC, 0 2«»*«2H«f£;-r^m2||Jg 

1 *lt$ttiC£ttS&lK<I&tt&ll 1 2 0 £«fcfl*#te 
L£t)©T-$>£. 02lC*5l,>T, 120Ategg<Ig* 

^ggr^o. *o«io«iricttBii tra-T**. -©a 

ftiilSJt^Sl 2 0 ATlt D-/U7>(M12 04 

2 0 5ICA7JU 313 ©)§«« Jttea>„ 3 £#Je>-5. ft 
fc. D-/U7^W 1 2 0 4tel0g8gl 2 0 5©&S 

{0 0 3 1] ttcSit^Sgl 2 0 1 14. dtt«ffiJI^(tv 

X, d«Mftffftttid M *MEK£llcJ:QgiJrrs. 

f-5. *fc. Idiit ld.£©flM#iOJMIl 2 0 2KJ: 
OJWlsn***. COfll*ttRiC3«C*LfcJ:5t:ffi« 

[0 0 3 2] 
[»7] 

Awn=K«8gn (fciMj) (idM-Idc) 

+ -=M-/sgn (wms) (idM-ido) dt 30 
Tie' 

[0 0 3 3] R37C45V>T. K 0 \%VcWf-4 >. T, 
0t48#l$5fc&T';&9> sgn (o) M3 ) =1 (w„ 3 ^ 
0) , sgn (coms) =.-1 (o) M3 <0) "Cafe's. 

[0 0 3 4] C©3Wfi»»K*V»T»4, £3©>§K?§^ 
fflw 3 *O^tC(Si;Tm3O2«jt3tffi(0M3^bU. 

*■©## t d wuMUMesttoTR* 7 e «t 0 
(m»jE«A<» M «<*fl:"r«. *lt. s& 3 ©&«&<& 
a ©a* t&gfiigiijgffi aw « t ©jo&ic «fc 0 >i««t« 
«o> M *»it*iuasti*. cnicio. mmmizmom 40 

WWfc<fr3i:i*«T**. SgiHiS^SStis] 
*ton©ii«w*flU8*&<-rj:"5K. asffls«« 

»*«5g<Ia> M ££IE-t5©-C. $«bfcjieSrfT9C 

[0 0 3 5] *K, B3ttH««3lC^I&rr«IB3j|JC 
»tt*»flHlpynyi'HT**. £©Hffi^£t>SB 1 50 
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IIJS^<£©i$&<IS8t£g§ 1 2 0*J:0JMWbUfct)© 
T*5*«. JB2Slli»tti*<t*©»4. dtt«JE«t£«S 

[0 0 3 6] H3fc*JtvT. PWU7^M1204 

2 0 5KA7JU !B3 0)%iSJt&tta> M .&$&*. «JI 
«Jgggl 2 0 6te, dttl«tilt&fflteidc. qtt«8t&ffl 

« i ..KcmsoaamettoiMa^&diMEEineMv 

d„£»5£8l;:«k0»g-fs. 
[0 0 3 7] 
[*8] 

d 

VdM= T al dc-WM3Lqi a c + L d "TT" * *° 

a t 

[0 0 3 8] HT, dttMfseteVd..£dttlSEIg 
[0 0 3 9] 

[&9] v d M-Vd*=-e q (0„-0) 

[0 0 4 0] ft£9KJ:tt& v dM i:Vd'tOflMt4. 

5. £©&SC9i:. sgn (a>„ 3 ) , K0, T,0^ 

6, m 3 ©«E{IM*i4§§3 1 2 0 7 «agfflM«^<IA 

a> M £&5U oitJiosgT*. 

[0 0 4 1] 
[&1 0] 

iWM=-K«8 gn (wms) (vdM-Vd*) 
Ko r 

"YTjJssn (whs) (vdM-vd*) dt 

[00423 z.<Dmmmm\z^xh. mmmizmom 

^Ct*«T€5. £ft. fkffi<D%it\z&oX<k\:fz8g. 
»*«*aflM*tti®W©ii«»ft««*fc< T«k 5 

ic. mmmmfe®Au>M\z£o&3<Dmmmiim<o 3 * 

[0 0 4 3] &^T. 04(4W*«4tC»f£;l--5m4^ 
*»»*w-r«W^nyjrHT*«. ffiizBLftH 5 ©ft 

h i ~h 3 o^mmmmx\t. &&ns.zm 
^mmmxitmmm^^m\zu-oxsss.xtu^ 

L^dtttqtt©H©«S-f >y^^>X (dtt'f>y 
^^>XLdtq*S-f >y^^>XL„i©M) a*. &e 

33, 04IC*5UT. 01~0 3i[^-©«i^S^lC«(^ 
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[0 0 4 4] H4C*5HT. 3B1BS1 2 3fcJ:0Je#» 
i08S§l 2 4{C«t0d«mEJi^v d *lrttl»LxT. £2 

© d tMjsjg* v zmntz z.t\z&K>. 
Etcie^&«)i*aaT-5. j&gM§§i 1 20 

Steffi i dcR^qttmfiit^fflffl i i 
deb, I,cbt»«»JfJc»tt:»*U. qWtilAHftft 

» i „ci.*«iht*. xftfttm i2 6n mrnrnm 

JW*. a i qch «hG:fflt£#ig (e„-a) towt»4 
RXi 1 

[0 0 4 5] 

[Ski 1] 

VhTh 

Ai<toh= 2LdLq (Ld-L,) sin2 (0 M -0) 
[0 0 4 6]ftilll:*UT. v„tti«ffiS*EJt* 

5*11**6, ttSftittSS 1 2 7 »i. L d <L«,0£SKft 

a 1 2 ic«k 0 iig<iM«t5£«iAco M £ stjicr *. 

[0 0 4 7] 
[ftl 2] 

A W H = - K « A i , c h - y^- /A i , o h d t 

[0048] mctiAHttd&wssnao 
;i^t i i <,c*^»«ift(K»*l»*bfcS*iS[)«» 

[0049] m-r^zcommmm-vit, g&iitt©** 

OO-f >^^>XS*3tr*fc»K. f2«8S12 3© 
ffl^Tfc & JligmJEIi^ v dh * £iiS&fI*§- tLtdi 

^ 1 2 5 iCck 0 q tMaKnHttrtft i <,c h <h LT&tUf 
-5. £OqWifllEfcWlftj5£# l,«hO*fl:*A i «, C h»i» 
d«K * >X L d t q «K >y * * >X L Q i ©H 

(L d -L„) &tf&B8t/S<IM (0„-0) iCttLTiffl 
»©*5*1 l©«fc3fcWfc*#LT*3 0» i 
Q ch*ffl^TKSCi 2tc«kOSie$n*ifS(iS«l^fil 



(6) #M 2001-268974 

10 

<§© <t 5 icrswe* 5a*s*^-r4sajcatJv»T 

[0 0 5 0] 

&B&tti8§& u T*xsB5iig»!*»j«i©ag* v^tr* 
mw?%mw£m\z&^T. m&%fim<mtvfz*'S 
izm&m%.m<Dmmmn\z®®-$-z>m&m%mm£')>ti 

10 <n:tm. l!D«&l5©&IIlftj£SIS£te«LT 

[01] *58W©IBll6»»!B**-r«Wyas/^HT 

[0 2] *»fHO»2gafi»ffi*5R-r«fP^ayi'HT- 
**. 

[03] **WO*3*tt»tt«*-r«fP^nyjrHT 

[04] *%«4»I$ifOTya7?aT 
20 *£. 

[0 5] «*tt*t«TiW»^ny^HT»S. 
[ft#©i&9J] 

i o i mummm® 

1 0 2, 1 1 8, 1 2 1, 1 2 0 4 D-/tX7>fW 
1 0 4 ggPaSigg 
1 0 5 eftjg««*8 

10 6, 107, 12 2, 12 4, 1202, 1205 

i o 8 mffim®® 

30 1 0 9,1 1 2 £8£&S 

i i o pwMxns 

1 1 1 SSSt&ffl^© 

i i 9 mmmftft 

i2o, 12 oa, 12 ob mmiMmmfe® 

1 2 3 

125 *H»»*:7*;i^ 

1 2 6 £fc*8*8 

1 2 7 HoitttHigg 

2 0 0 Hffi£S8«iI 
40 3 0 0 

4 0 0 *XSB5[W|»I«i!i«8 
12 0 1 «at«l^8§ 

1203 %m.<m.mw& 

12 0 6 «Ett£8 
1 2 0 7 1lJI<SMJi^S§ 
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(8) 



^2 0 0 1-2 6 8 9 7-4 




[04] 



2 00 




(9) 



2001-268974 



4 X=1LX 

n »• mm fV * mm 











mm 
wmm 




tm 


•a 



[#^SiIE#] 

HlffiB] ¥£l 2 ¥4^10 0 (2000. 4. 1 
0) 

i^mmiE i ] 

l*iiE#&JSl£] »*«2 

Htm**] m. 

in** 2] i tim<D*s\mzwimnw)®oM 

[¥Mf]E2] 
[*tjE***«B«] HM* 
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